Nevertheless, from the management point of view, it could be stated that although some variations occurred due to environmental stress, the main core of the Mondego Estuary fish community remained relatively unchanged.
Introduction
The increasing rate of global climate change seen in the last century and the predictions to accelerate into the present one will significantly impact the Earth's oceans and coastal waters (Short and Neckles, 1999; Mirza, 2003) . Stochastic events such as weather extremes can cause fluctuations in the conditioning factors but often affect the state directly, for example, by eliminating parts of populations (Scheffer et al., 2001) . Extreme environmental events (e.g. extreme droughts/floods) can seriously change the amount of water flowing within river systems (Tallaksen et al., 1997) . In estuaries, these effects have only been addressed in a few studies concerning invertebrates (Attrill et al., 1996; Attrill and Power, 2000) and fishes (e.g. Garcia et al., 2001; Ecoutin et al., 2005) . Such environmental instability, combined with anthropogenic derived pressures such as dredging activities, waste water and general organic pollution, will have significant impacts on estuarine fish communities. Hence, understanding the effects of changes in freshwater flow on estuarine systems is crucial to comprehend more about the dynamics of these key ecosystems, since river discharge into many estuaries is substantially altered due to human socio-economic development and may be in fact sensitive to climate change (Gleick, 2003) .
Estuaries have long been regarded as important sites for fish (e.g. Haedrich, 1983; McLusky and Elliott, 2004) , and are characterized by a relatively low diversity but high abundance of individual taxa, most of which exhibit wide tolerance limits to the fluctuating conditions found within these systems (Whitfield, 1999) . In order to simplify information and to allow a better comparison among different systems, Elliott and Dewailly (1995) defined the structure of the typical Atlantic Seaboard estuarine fish community, in terms of ecological guilds: estuarine residents, marine adventitious visitors, diadromous (catadromous or anadromous) migrant species, marine seasonal migrants, marine juvenile migrants which use estuaries as nursery grounds and freshwater adventitious species. Therefore, the knowledge of the effects and changes caused by environmental extreme variations on the above ecological groups should yield insights into the present status and to foresee future changes in fish communities.
Previous works regarding the Mondego Estuary fish community focused mainly on the structure according to the ecological guilds previously referenced and also on the importance of the estuary as a nursery area for commercial marine species (for further details see Jorge et al., 2002; Leitão et al., 2006 Leitão et al., , 2007 Martinho et al., 2007) . As a general trend, in the last 15 years a major decline in species number from 1989e1992 to 2003/2004 was noticed, mostly freshwater species . According to the same authors, this decline could be partially attributed to a change in the estuarine environment, as salinity increased over the past years due to continuous dredging activities to deepen the main shipping channel, within the estuary. Also, the decrease in the environmental quality of the estuary due to eutrophication pulses and consequent macroalgal blooms Within this framework of events, the objectives of this work were the following: (a) to identify the changes that occurred in the fish community of the Mondego Estuary along a three-year period, from June 2003 to June 2006 to assess if drought conditions influenced the distribution and composition of the fish community.
Materials and methods

Study site
The Mondego River Estuary (40 08 0 N, 8 50 0 W) is a small intertidal system, located in the western coast of Portugal (Fig. 1) . It comprises two arms (north and south) that separate at about 7 km from the shore and join again near the mouth. The north arm is deeper, with 5e10 m depth at high tide and tidal range of 2e3 m, while the south arm is shallower, with 2e4 m depth at high tide and tidal range of 2e3 m. The south arm is almost silted up in the upstream areas, which causes the freshwater to flow mainly by the north arm. The water circulation in the south arm is mainly dependent on the tides and on a small freshwater input, carried out through the Pranto River, a small tributary system, which is regulated by a sluice according to the water needs in the surrounding rice fields. In the south arm, about 75% of the total area consists of intertidal mudflats, while in the north arm they stand for less than 10%.
The main point sources of pressure and disturbance in the Mondego are the following: (a) dredging and shipping in the north arm; and (b) raw sewage disposal and high nutrient inputs from agricultural and fish farms in the upstream areas of the south arm. Combined with a high water residence time, this led to an eutrophication process, resulting in occasional spring macroalgae blooms of Enteromorpha spp. over the past two decades (e.g. Pardal et al., 2004; . As a result the ancient large meadows of Zostera noltii are restricted to a small patch in the downstream area .
Sampling procedures and hydrological data
The fish community was sampled monthly at five stations ( Fig. 1 
Data analysis
The community structure was analyzed based on six ecological guilds established from habitat pattern usage (adapted from Elliott and Dewailly, 1995) : marine adventitious species (MA), marine juvenile migrant species (MJ; occurring usually in low densities in estuaries as an alternative habitat), marine species that use the estuary as nursery grounds (NU; occurring in clear seasonal patterns, higher densities and remaining longer periods in estuaries), estuarine resident species (ER), catadromous adventitious species (CA) (no anadromous species were found) and freshwater adventitious species (FW). Monthly fish abundance data were expressed as the number of individuals per 1000 m 2 . For a straightforward synthesis and analysis of the obtained results, monthly data were averaged by season, as follows: summer e from June to August; autumn e from September to November; winter e from December to February; and spring e from March to May. Whenever one or more months were absent, seasonal values were calculated with the available data. Spatial variability was not taken into account due to the small size of the estuary.
Multivariate statistics were used to investigate variations in the structure of the fish community throughout the study period. A BrayeCurtis similarity matrix was computed using seasonal abundances of fishes of each guild (square root transformed), from which the non-metric multidimensional scaling (MDS) ordination plot was generated using PRIMER software package (version 5.0) (Clarke and Warwick, 2001) . To validate the interpretation of the MDS, the ANOSIM test (analysis of similarities) was performed, built on a simple nonparametric permutation procedure, applied to the similarity matrix underlying the ordination of the samples (treatments) (Clarke and Warwick, 2001 ). The BIOENV procedure (PRIMER software package, version 5.0) (Clarke and Warwick, 2001 ) (all permutations of trial variables, Spearman's rank correlation) was used to find the best combination of environmental variables explaining the variations in the fish community.
Salinity anomalies were calculated as the average monthly salinity subtracted from the corresponding average throughout the study period. Differences between years were tested using an ANOVA. Tukey-type a posteriori tests were used, whenever the null hypothesis was rejected. Spearman's rank correlations between fish abundance (per ecological guild) and environmental parameters were calculated. A significance level of 0.05 was considered in all test procedures. (Fig. 3) . For further detailed information on salinity variations in the sampling stations see Marques et al. (2007) . Temperature showed a typical variation for the temperate regions, varying from 8.82 AE 1.69 C to 22.74 AE 2.55 C (Table 1) .
Results
Environmental characterization
Fish assemblage
Throughout the study period, a total of 10,697 individuals, belonging to 42 species and 23 families, comprised the Mondego Estuary fish assemblage ( Table 2 ). The most abundant species were the estuarine residents (ER) Pomatoschistus microps and Pomatoschistus minutus, the species that use the estuary as nursery grounds (NU) Dicentrarchus labrax, Solea solea and Platichthys flesus, and the marine juvenile migrant species (MJ) Diplodus vulgaris. Juvenile stages comprised most of the estuarine community (unpublished results).
Freshwater adventitious species ( Regarding the number of species per ecological guild (Fig. 4a) , there was an increase in marine adventitious species (MA) since the spring of 2005, comprising almost 25% of the species number. On the opposite, there was a decrease in marine juvenile migrant species (MJ). Estuarine residents (ER) and nursery species (NU) comprised about 50% of the species number. In terms of densities (Fig. 4b) The most significant changes in the fish assemblage were detected in three guilds: estuarine residents (ER), freshwater adventitious species (FW) and marine adventitious species (MA) ( Taking into account marine juvenile migrant species (MJ) and nursery species (NU), a decrease in densities was also observed along the study period.
Statistical analysis of the fish assemblage
The fish community (based on the ecological guilds) was seasonally separated in the MDS ordination plot, particularly the years of 2006 (Fig. 6 Spearman's rank correlations of the abundance of each ecological guild with the environmental conditions showed a positive correlation of the nursery and residents' guilds with temperature (r ¼ 0.56; P < 0.05 and r ¼ 0.64; P < 0.05, respectively) (Table 3 ). Negative correlations were found between the estuarine residents and precipitation (r ¼ À0.54; P < 0.05) and between marine adventitious and water runoff (r ¼ À0.81; P < 0.05).
Discussion
Fish community
The Mondego Estuary fish assemblage was similar to the typical European Atlantic seaboard estuarine community as defined by Elliott and Dewailly (1995) , Pihl et al. (2002) and by Mathieson et al. (2000) for tidal marshes, with a dominance of estuarine residents (ER) and species that use estuaries as nursery areas (NU). The present results corroborate the findings of Malavasi et al. (2004) , in which the estuarine residents comprise about 50% of the fish community of the Venice Lagoon. Unlike larger estuaries, marine juvenile migrant species (MJ) were less important in both number of species and total densities. Pihl et al. (2002) found that within a group of selected estuarine systems, great regional variance exists in the composition and abundance of the ecological guilds making up the estuarine fish assemblages, mainly due to particular characteristics of each estuarine system. This seems to agree with our results, as the differences found can be attributed to the small size of the Mondego Estuary and to its small opening, which can limit the entrance of marine species.
The most important families of the Mondego Estuary fish assemblage were Gobiidae, Moronidae, Soleidae, Pleuronectidae, Sparidae and Atherinidae. When comparing with other European estuarine systems (e.g. Laffaille et al., 2000; Cabral et al., 2001; Gordo and Cabral, 2001; Potter et al., 2001; Costa et al., 2002; Hampel et al., 2003; Malavasi et al., 2004) , the main difference that can be found is the absence of Mugilidae as one of the most important families. Beam trawling is often considered a suitable method for sampling benthic species, but tends to underestimate pelagic species (Thiel et al., 2003) such as mugilids.
The nursery species (NU) Dicentrarchus labrax, Platichthys flesus and Solea solea comprised a significant part of the assemblage, in conformity with other European estuaries (e.g. Elliott and Dewailly, 1995; Laffaille et al., 2000; Gordo and Cabral, 2001; Malavasi et al., 2004) , reinforcing the importance of small estuaries as nursery areas and their role for the maintenance of coastal stocks. As outlined by Martinho et al. (2007), seasonal abundance peaks for these species were recorded, and directly linked to the seasonal patterns of recruitment and migration between enclosed and coastal waters. In terms of numbers, the fish community was dominated by Pomatoschistus microps. This estuarine residents (ER) were the most abundant since the autumn of 2004, and in agreement with Leitão et al. (2006) , tend to occupy inner areas of the estuary, thus reducing competition with other Gobiidae species such as Pomatoschistus minutus, which is mainly concentrated at the mouth of the estuary (Leitão et al., 2006; . One significant aspect of this work was the reappearance of Symphodus bailloni, a marine species that lives in association . CA e catadromous adventitious species; ER e estuarine residents; MA e marine adventitious species; FW e freshwater adventitious species; MJ e marine juvenile migrant species; and NU e nursery species. Sum e summer; Aut e autumn; Wint e winter; and Spr e spring.
with seagrass beds. This species had been captured in the previous study performed by Jorge et al. (2002) in the early 1990s, but was absent until the summer of 2004. The relevance of this finding can be related to the success of the eutrophication mitigation measures implemented in the estuary since 1998 (for further details see Lillebø et al., 2005) , which led to a recovery of the area covered by Zostera noltii (15 ha in 1986; 0.02 ha in 1997; and 4.7 ha in 2006) in the south arm of the estuary, increasing the available habitat for this species. Currently, a management program is taking place, in order to restore the communication of the north and south arms, to improve the water circulation and to reduce the residence time, aiming at the restoration of the seagrass meadows.
Extreme drought events and its impacts on fish assemblages
Having in mind that the measurement of any ecological response by the fish community, or individual species within a community, must take cognisance on the key role played by the physico-chemical environment in influencing the structure and functioning of that estuary (Whitfield and Elliott, 2002) , this work tried to assess the influence of extreme drought events in the fish community.
Due to the occurrence of two consecutive extreme dry years, several changes occurred in the Mondego River basin. In fact, according to the Portuguese Weather Institute (http:// web.meteo.pt/pt/clima/clima.jsp), in these last years severe ; B e marine juvenile migrant species (MJ); C e nursery species (NU); D e estuarine residents (ER); E e catadromous adventitious species (CA); and F e freshwater (FW). Sum e summer; Aut e autumn; Wint e winter; and Spr e spring. Fig. 6 . Two-dimensional MDS ordination plot of the fish community according to season. Sum e summer; Aut e autumn; Wint e winter; and Spr e spring. differences in climate have been recorded when compared to the general climate patterns for the period 1961e1990. With decreasing precipitation levels and in an extreme drought situation, freshwater was stored in dams located upstream, which led to a decrease in water runoff to the estuary, from 2004 to 2005. According to Whitfield (1999) , variations in the river flow in estuaries influence not only the salinity but also the biochemical properties of the water body. Furthermore, decreasing freshwater flow results in the incursion of saline waters into reaches of the estuary previously dominated by freshwater (Attrill et al., 1996) , and in agreement, strong positive salinity anomalies were observed mainly in 2005, indicating that values higher than average salinity occurred throughout the estuary.
Typical marine adventitious species (MA) like Arnoglossus laterna, Buglossidium luteum, Solea lascaris and Trisopterus luscus were only captured in the estuary during the period where the highest drought effects were experienced e 2005, benefiting from a higher extent of the incursion of seawater into the estuary (due to low freshwater runoff). In fact, none of these species had ever been described in the Mondego Estuary, according to the baseline study performed by Jorge et al. (2002) in the early 1990s. This points out an increase in salinity over the past decade inside the estuary, related to the effects of low freshwater flow combined with continuous dredging activities in the north arm (the location of the commercial harbour) which increases the salinity incursion inside the estuary (e.g. Marchand et al., 2002; Leitão et al., 2007) .
According to the present data, it was possible to define three distinct periods in terms of environmental conditions: . Accordingly, the main changes in the fish community were the depletion of freshwater adventitious species (FW) and an increase in marine adventitious species (MA), supported by the strong negative correlation between marine adventitious species (MA) and freshwater runoff, and a decrease in abundance of the estuarine residents (ER) during the driest period. The increase in marine adventitious species (MA) had already been reported in 1992 by Jorge et al. (2002) , as a consequence of a hydrological dry year. The opposition found between the autumn of 2003 and autumn of 2004 seems to be caused by a shift in the relative proportions of estuarine residents (ER) and nursery species (NU). In addition, the ordination of samples in the MDS plot suggests that the fish community showed more seasonal changes in wet years than in dry years, as previously observed by Potter et al. (1986) and Cuesta et al. (2006) in other temperate estuaries. As outlined in the BIONEV analysis, precipitation was one of the environmental parameters best explaining the variability in the fish community.
References of the impacts of drought events on temperate estuarine fish communities are scarce in literature, with more available information on planktonic (e.g. Marques et al., 2007) and invertebrate benthic communities (e.g. Attrill et al., 1996; Attrill and Power, 2000; Cuesta et al., 2006) . The previous authors concluded that in years of low freshwater flow, and mainly in the upper reaches of estuarine areas, freshwater communities were gradually replaced by others tolerant to higher salinities due to a higher saline incursion. This seems to corroborate the present results, even if comparing different trophic levels. Furthermore, Attrill and Power (2000) pointed out that fluctuations in key benthic species such as Carcinus maenas or Crangon crangon in response to climatic changes can induce variations in the whole estuarine community. Drake et al. (2002) suggested that short-term salinity fluctuations during warmer periods may negatively affect species that complete their lifecycle within the estuary. Likewise, the estuarine residents (ER) presented lower densities during the dry period and according to Fonds and Van Buurt (1974) , the mortality of Pomatoschistus microps and Pomatoschistus minutus' eggs (the most abundant resident species) is highly dependent on salinity, conditioning the recruitment's strength (maximum egg survival at 5e35 with maximum larval size at 5e15 for P. microps and, 15e35 for maximum egg survival with maximum larval size at 35 for P. minutus). Also, predation pressure on these species could have increased due to the higher abundance of marine adventitious species (MA), particularly at the mouth of the estuary (for further discussion on this topic see . According to Garcia et al. (2001) , surveys in a warmetemperate south-western Atlantic intermittently closed lagoon (South Brazil) led to the conclusion that during La Niña episodes (cold and dry events) there was an increase in marine species inside the lagoon, as a consequence of low freshwater input and a higher intrusion of sea water into the upper reaches. The same pattern was observed by Ecoutin et al. (2005) in a coastal lagoon in the Ivory Coast. However, and despite the changes described above, the majority of the fish assemblage remained rather unchanged. In the three years of sampling, the 10 most abundant species always comprised more than 90% of the number of individuals of the fish community, comprising the main core of the community ( Table 4 ) and indicating that the major changes occurred in species with lower frequencies. Similar results were obtained by Costa et al. (2007) for the Tagus Estuary, when comparing various sampling periods from 1978 to 2002. The previous authors reported that the structure of the fish community remained relatively unchanged during subsequent dry and wet years, although higher densities were recorded in dry years. To assess whether climatic extremes have long term and more significant impacts on estuarine fish communities will require even longer and geographically wider databases, due to the slow response time to disturbance that characterizes fish species ).
In conclusion, and despite interannual variations in recruitment and mortality rates, it was possible to assess some effects of extreme drought events on a temperate estuarine fish community. This influence seems to be increased in the case of the Mondego due to its small area (3.4 km 2 ), with lower thresholds to fast environmental variations. Moreover, and in conformity with Attrill et al. (1996) , the influence of severe drought conditions, which are predicted to increase over the subsequent years, should be strongly considered when undertaking management plans for estuaries and river catchment areas. Also, prolonging ongoing monitoring programs should be encouraged, in order to understand the long-term effects of climatic changes in key systems such as the estuarine environment. The use of ecological guilds proved to be a strong tool in assessing changes in the estuarine system by reducing variability and allowing direct comparisons between estuaries in the future.
